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Abstract.	
	
Soft	 tissues	pyo-inflammatory	diseases	and	purulent	processes	are	one	
of	the	most	common	complications	of	modern	surgery.	One	of	the	main	methods	
of	 topical	 treatment	 of	 these	 diseases	 is	 the	 use	 of	 polymer	 wound	 dressings	
acting	 in	 different	 phases	 of	 wound	 healing.	 In	 local	 treatment	 of	 wounds	
important	 issue	 is	to	achieve	a	therapeutic	dose	of	available	 in	polymer	carrier	
drugs	 in	the	affected	area	as	well	as	to	preserve	their	action	 for	the	time	being	
required	for	medical	grounds,	namely,	prolongation	of	therapeutic	effect.	
The	objective	of	our	research	was	to	study	the	release	of	nano	zinc	oxide	
from	 wound	 healing	 biodegradable	 polymeric	 film	 “Biodep-nano”	 containing	
nano-particles.	
Materials	and	methods.	We	have	developed	a	new	tool	for	local	treatment	
of	wounds	in	the	form	of	biodegradable	polymer	film	“Biodep-nano”	containing	
nano	particles	and	saturated	with	nano	zinc	oxide.	The	research	was	carried	out	
at	 the	experimental	bases	of	 the	 Ivano-Frankivsk	National	 Medical	 University,	
namely	 the	 laboratory	 “Center	 of	 Bioelementology”	 and	 the	 Department	 of	
General	Surgery.	The	study	of	releasing	active	substances	was	performed	using	a	
colorimetric	test	system	for	precise	and	accurate	determination	of	zinc	in	serum	
Aquaquant®	 with	 a	 sensitivity	 of	 0.1-5	 mg/l.	 manufactured	 by	 Merck	 KGaA	
(Germany).	
Results.	Developed	wound	healing	biodegradable	polymer	film	gradually	
releases	 the	active	 substance	and	nanoscale	particles	of	nano	zinc	oxide	 from	
the	 proposed	 polymer	 composition	 faster	 than	 ordinary	 zinc	 oxide,	 which	 is	
confirmed	by	the	experiment.	
Conclusions.	1.	The	applied	methods	allow	us	to	study	the	release	of	nano	oxide	
zinc	 and	 zinc	 oxide	 from	 wound	 healing	 biodegradable	 polymer	 films	
quantitatively.	 2.	 Wound	 healing	 biodegradable	 polymer	 film	 “Biodep-nano”	
containing	 nano	 particles	 was	 experimentally	 found	 to	 be	 able	 to	 gradually	
release	zinc	ions	into	the	area	of	injury	for	2	days.	3.	Nano	zinc	oxide	releases	from	
biodegradable	film	more	quickly	and	in	greater	numbers	than	zinc	oxide,	which	
solves	the	problem	of	delivering	an	effective	dose	of	the	active	ingredient	to	the	
affected	area.	
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Problem	statement	and	analysis	of	the	latest	research	
Currently,	patients	with	purulent	and	inflammatory	processes	of	soft	tissues	constitute	40-
45%	of	 surgical	 cases.	Purulent	processes	occur	as	 the	most	 common	 complications.	These	data	
reveal	the	relevance	and	the	unresolved	problem	of	the	purulent	persistent	wounds	treatment	and	
have	 social	 and	 economic	 significance.	 One	 of	 the	 main	 methods	 for	 the	 topical	 treatment	 of	
purulent	inflammatory	diseases	is	the	application	of	polymer	wound	coatings	that	affect	different	
phases	of	wound	healing	[1,	2].	
These	healing	polymer	films	are	applied	to	the	wounds,	their	therapeutic	agent	is	excreted	
from	the	polymeric	material	due	to	its	swelling	and	dissolution.	Then	it	affects	directly	the	healing	
area.	 Drug	 delivery	 systems	 should	 be	 stable	 and	 should	 maintain	 the	 chemical	 structure	 for	 a	
certain	period	and	at	the	same	time	it	should	be	able	to	biodegrade	[3].	The	main	natural	polymers	
in	drug	delivery	systems	are	collagen,	gelatin,	fibrin,	chitosan,	alginate	etc.	[4].	
Some	of	very	important	issues	are	to	achieve	a	therapeutic	dose	available	in	the	polymeric	
carriers	of	drugs	in	the	affected	area,	while	treating	local	pathologies	(wounds,	ulcers,	etc.)	and	to	
preserve	their	effect	as	long	as	necessary	for	medical	reasons	-	namely	to	obtain	the	prolongation	
of	therapeutic	effects.	The	best	solution	of	these	problems	is	to	use	new	methods	and	drug	delivery	
systems	allowing	to	maintain	the	required	concentration	of	drugs	with	a	single	application	to	the	
affected	area	for	a	long	time.	These	polymers	are	used	for	direct	introduction	of	drugs	into	burns,	
wounds	and	for	bone	disease	treatment	 in	surgery,	which	 is	accompanied	by	destruction	of	bone	
tissue	in	ENT	practice,	dentistry,	dermatology	and	oncology	[5,	6,	7,	8,	9,	10].	
Taking	into	account	the	above	mentioned	features	and	problems	with	prolonged	excretory	
capacity	of	treatment	agent	from	polymer	coatings,	we	have	developed	a	new	medication	for	local	
wounds	 treatment	 in	 the	 form	 of	 biodegradable	 nano-containing	 polymeric	 film	 “Biodep-nano”	
saturated	with	zinc	nano-oxide.	
The	objective	of	 the	 research	was	 to	analyze	 the	 release	of	nano	zinc	oxide	 from	wound	
healing	biodegradable	polymeric	film	“Biodep-nano”	containing	nano-particles.	
	
Material	and	methods	of	the	research	
The	 study	 was	 performed	 in	 the	 laboratory	 of	 “Bioelementology	 centre”	 and	 in	 the	
department	of	General	Surgery	at	Ivano-Frankivsk	National	Medical	University.	
We	 used	 biodegradable	 polymer	 film	 “Biodep-nano”	 containing	 nano-particles	 based	 on	
gelatin,	polyvinyl	alcohol,	lactic	acid	and	glycerin	saturated	with	an	active	substance	of	zinc	nano-
oxide	 with	 a	 particle	 size	 of	 30	 nm	 (YURUI	 (SHANGHAI)	 CHEMICAL	 CO.,	 LTD,	 CHINA)	 in	 the	
concentration	of	5%.	We	used	our	biodegradable	polymer	film	“Biodep-nano”	which	was	saturated	
with	5	%	zinc	oxide	concentration	for	comparison.	
	The	study	of	active	substances	release	was	performed	by	means	of	zinc	colorimetric	 test	
system	 Aquaquant®	 with	 sensitivity	 of	 0.1-5	 mg/l	 manufactured	 by	 Merck	 KGaA	 Company	
(Germany).	
The	average	weight	determination	was	performed	on	the	AXIS	AD200	scales	accurate	within	
0.001	g.	
The	 research	was	performed	with	 the	help	of	 zinc	 colorimetric	 test-system	Aquaquant®,	
following	the	 instruction	 strictly.	Film	 samples	were	placed	 into	 chemical	 cups	with	100.0	ml	of	
distilled	water	and	selected	solution	samples	 (first	sample	5ml,	second	and	 third	ones	1ml,were	
made	up	to	5ml	with	distilled	water,	the	rest	of	0.5ml	samples	were	made	up	to	5ml	with	distilled	
water)	within		5,	15,	30,	60	minutes,	24	and	48	hours	respectively.	
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Methods	of	the	research	
In	 the	 acid	 environment,	 zinc	 ions	 react	 with	 thiocyanate	 ions	 and	 brilliant	 green	 dye	
forming	the	solution	of	blue-green	colour.	Zinc	concentration	was	measured	with	the	help	of	colour	
standards.	Test-	sensitivity	was	0.1-5	mg	/	l	of	zinc.	
Solution	sample	(5	ml)	was	placed	into	the	test	tube,	then	4	drops	of	acid	buffer	were	added	
(reagent	 “Zn1”),	 environmental	 acidity	 was	 tested	 with	 a	 help	 of	 standard	 indicator	 (0.9-1.0),	
reagent	“Zn2”	was	added	and	stirred	until	complete	dissolving	and	reagent	“Zn”’	was	added,	after	
waiting	for	5	minutes,	reagent	“Zn4”	(brilliant	green)	was	added.	We	measured	the	concentration	
of	Zn	 ion	according	 to	 colours	 scale	 intensity	 that	 corresponded	 to	 its	 concentration	within	 the	
range	of	0.1-5	mg/ml.	
The	control	sample	-	distilled	water,	produced	a	yellow	colour	0.0	mg/l	according	to	scale.	
Zn2	+	mass	calculation,	and	Zn2	+	excretion	 level	were	performed	by	applying	formulas,	and	the	
study	results	(averages)	are	provided	in	Table	1.	
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Tests	were	performed	3	times	for	the	data	probability.		
	
Table	1		
Results	of	the	research	
Sample,	№	 1	 2	
Film	Weight,	g	 3.587±0.15	 3.720±0.17	
Sample	Weight,	g	 0.19±0.15	 0.21±0.17	
ZnO	Weight	in	the	Sample,	g	 0.250±0.17	 0.250±0.17	
Zn2+	Weight	,	mg	 10.59	 11.29	
	
	
	
	
	
	
	
	
	
time	
	
5	min	
Mg/l	 2.5	 2.0	
m,	 Zn2+,	
mg	
0.25	 0.20	
%	 2.36	 1.77	
	
15	min	
mg/l	 2.5	 2.0	
m,	Zn2+	 1.25	 1.0	
%	 11.80	 8.85	
	
30	min	
mg/l	 5.0	 3.0	
m,	 Zn2+,	
mg	
2.5	 1.5	
	
m"#2+= '234	563	76*'8∗	'	(76*') 	x	;231<'	234  
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%	 23.36	 13.28	
	
1	hour	
mg/l	 7.0	 5.0	
m,	 Zn2+,	
mg	
7.0	 5.0	
%	 66.15	 44.88	
	
24	hours	
Mg/l	 10	 7.5	
m,	 Zn2+,	
mg	
10	 7	
%	 85.42	 62.0	
	
48	hours	
mg/l	 10.1	 10	
m,	 Zn2+,	
mg	
10.1	 10	
%	 95.27	 88.57	
	
Discussion	of	the	results	
The	obtained	results	showed	that	we	developed	wound	healing	biodegradable	polymer	film	
gradually	excreting	the	active	components,	and	zinc	nano-oxide	particles	were	excreted	from	this	
polymer	composition	faster	than	from	conventional	zinc	oxide	(Figure	1).	
	
	
Fig.1.	
	
Efficacy	 of	 using	 gelatin	 containing	 polymer	 films	 as	 carriers	 of	 therapeutic	 agents	 was	
confirmed	 in	 modern	 literature.	 The	 obtained	 results	 indicate	 that	 films	 of	 desired	 excretory	
properties	can	be	made	on	the	basis	of	natural	biodegradable	polymers	in	combination	with	active	
composite	materials	[11],	and	nano-oxide	metals	are	suitable	for	this	application	because	they	are	
excreted	well	 from	 the	polymeric	carrier.	 It	 increases	significantly	 the	effectiveness	of	 treatment	
with	the	use	of	lower	doses	[12].	
	
Conclusions	
1. The	applied	methods	allow	us	to	study	quantitatively	the	excretion	of	zinc	nano-oxide	and	
zinc	oxide	from	biodegradable	wound-healing	polymer	films.	
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2. Wound	healing	biodegradable	polymer	 film	“Biodep-nano”	containing	nano-particles	was	
experimentally	proved	to	have	the	property	to	excrete	zinc	ions	gradually	for	2	days	in	the	
injured	area.	
3. Zinc	nano-oxide	was	confirmed	to	release	from	the	biodegradable	film	more	quickly	and	in	
higher	quantity	than	zinc	oxide,	which	solves	the	problem	of	delivering	an	effective	dose	of	
the	active	ingredient	to	the	injured	area.	
	
Prospects	for	further	research	
The	use	of	sensitive	semi-quantitative	methods	in	the	study	of	nano-particles	release	from	
wound	healing	biodegradable	polymer	material	is	rather	promising	and	will	help	subsequently	to	
develop	new	polymer	wound	healing	compositions,	to	improve	gradually	effective	drug	application	
to	injured	area	and	to	treat	wounds	of	various	origins	more	effectively.	
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